A simple and rapid procedure for the preparation of milk fat globule membrane (MFGM)is proposed. The membranefragments released from bovine milk fat globules were recovered as MFGM by acidification at pH 4.8 and centrifugation (AC-MFGM). The yield, gross compositions, enzymatic activities, and electrophoretic properties of the resultant MFGM were compared with those of MFGMs recovered by ultracentrifugation (UC-MFGM) and by salting out (SA-MFGM). The different methods for recovering MFGMhad significant effects principally on the lipid content and protein composition of MFGM. Of the three MFGMs, AC-MFGM had a moderate lipid content, while UC-MFGM had the lowest and SA-MFGM the highest. High activities of marker enzymes for plasma membranein AC-and UC-MFGM were retained but not in SA-MFGM. Glycoproteins PAS-6 and -7 were preferentially released from UC-MFGM. The pH was a factor in causing the release of these glycoproteins. The release of PAS-6and -7 was also ascertained by the decrease in UC-MFGM of proteins extractable with 1 m KC1and 8murea. The yield of MFGM was influenced mostly by the smaller fat globules and releasable protein and, consequently, was low in UC-MFGM, moderate in AC-MFGM, and high in SA-MFGM. Acidification to the isoelectric point was the easiest method for recovering MFGM, and resultant AC-MFGM had advantages over both the UC-and SA-MFGMs.
The milk fat globule membrane (MFGM) that surrounds milk fat droplets is derived from the apical plasma membraneof secretory cells in the lactating mammarygland.1>2) MFGM tends to be a fairly pure form of plasma membrane and has merits as a model and source for biochemical studies.1} MFGM consists of protein, glycoprotein, enzymes, phospholipids, triacylglycerols, cholesterol, glycolipids, and other minor components.
MFGM is rich in glycoproteins, which can be stained by periodic acid-Schiff reagent (PAS) and separated to the major 7 bands (PAS-1 to PAS-7) on polyacrylamide gel electrophoresis steps for isolating MFGM, the procedure for recovering the released membranefragments might cause the quantitative differences of such MFGMpolypeptides as PAS-6 and -7. Usually, the membranefragments can be recovered by ultracentrifugation at neutral pH7'9'12~15) or by the addition of ammonium sulfate to salt out 10,16,17) The methods involving ultracentrifugation and salting out are timeconsuming for preparating large amounts of MFGM and for removing salts by dialysis, respectively. In this study, we propose a simple and rapid methodfor recovering the membranefragments released from milk fat globules by lowering the pH to the isoelectric point. The yield, gross compositions, enzymatic activities, and electrophoretic properties of MFGM prepared by acidification will be compared with those of MFGMprepared by the two conventional methods ofultracentrifugation and salting out.
Materials and Methods
Materials. Acrylamide and A^TV'-methylene-bis-acrylamide were from Seikagaku Kogyo (Tokyo, Japan). NAcetylneuraminic acid, glucosamine, and galactosamine were from Nakarai Tesque (Kyoto, Japan). PMSFand molecular weight markers were from Sigma (St. Louis, U.S.A.). All other chemicals were of analytical grade, and the organic solvents were redistilled before use.
Preparation of the membranefragments. Fresh raw milk (30kg) from Holstein cows of the university herd was warmedto 38°C and immediately separated into cream and skim milk by a stainless steel cream separator. The raw cream was washed three times with 3 volumes each time ofdeionized water at 37°C in a cream separator. After chilling to 4°C in an ice bath, the washed cream was diluted to about 30% fat content with chilled distilled water and churned in a metal churn. The buttermilk was collected.
To butter granules melted at 40°C was added half the quantity of distilled water at 40°C, and the butter serum was recovered in a cream separator. The buttermilk and butter serum were combined and centrifuged for 15 min at 3,000 x g, the cream being removed by aspiration.16>17) The supernatant fraction, designated as the total released membranefragments, was divided into three portions (each 1.0 kg containing 1.01 g of protein) for recovering MFGM in the next step (Fig. 1) .
Collection of MFGM from the aqueous phase. The MFGM was concentrated from the aqueous phase by acidification (method 1), in addition to using ultracentrifugation (method 2), and salting out (method 3) ( Fig.   1 ).
Method 1. The released membrane fragments were acidified to pH 4.8 with 1 n HC1, left for 30min at room temperature, and centrifuged for 30 min at 40,000 x g and at 4°C. After removal of the floating cream layer by aspiration, the supernatant (AC-SUP) was recovered and adjusted to pH 6.8 with In NaOH. To the precipitate (AC-MFGM) was added 300ml of distilled water and the pH was adjusted to6.8 with 1 n NaOH, with stirringat4°C. Method 2. MFGM was concentrated from the membrane fragments by centrifugation for 60 min at 100,000 x g and at 4°C, after its pH had been adjusted to 6.8 with 1 n NaOH, if necessary.7>9'15) Any cream on the top layer was removedby aspiration, and the supernatant (UC-SUP) was recovered. Chemical analyses. Total solids were measured by the method of AOAC.18)All of the lipids were extracted by the method of Folch et al.19 ) and AOACmeasurements followed.
Protein was measured by the procedure of Markwell et al.20) A sample containing 1 m KC1 and 8m urea was treated by the procedure of Peterson et al., 21) using 2% deoxycholate instead of 0.2%. Bovine serum albumin was used as the standard. Hexoses were measured by the method of Dubois et al., 22 ) using a mixture of galactose arid mannose (1:1) as the standard, and hexosamines by the method of Stewart-Tull,23) after hydrolyzing with 2n HC1 for 6hr at 100°C and using a mixture of glucosamine and galactosamine (1 : 1) as the standard. Sialic acid was measured by the method of Warren, 24) after hydrolyzing with 0.1 n sulfuric acid for 1 hr at 80°C and using 7V-acetylneuraminic acid as the standard.
Measurement ofenzyme activities. The activities of Na + , K+-ATPase (EC 3.6.1.4), alkaline phosphatase (EC 3.1.3.1), y-glutamyltranspeptidase (EC 2.3.2.2), phosphodiesterase I (EC 3.1.4.1), and 5'-nucleotidase (EC 3.1.3.5) were measured as described previously by Kanno et al.25'26) Electrophoresis.
SDS-PAGEwas done by the method of Laemmli,2 /) using 10% acrylamide gel in which the ratio of acrylamide and methylene-bis-acrylamide was 37 : 1 (w/w). A sample was solubilized with 10mM Tris-HCl buffer (pH 6.8) containing 1% SDS, 1% 2-mercaptoethanol, and 2mMEDTAby heating for 2min in a boiling water bath. The amount of protein put on the gels was 100fig for protein staining with CB,28) and 250fig for carbohydrate staining with PAS reagent.29) The designation of the protein and glycoprotein bands of the MFGM samples is in accordance with Shimizu et al.30) The stained gels were scanned with an ISCO model UA-5 absorbance monitor with a linear transport system, the relative abundance of the CB-and PAS-positive polypeptides being calculated from the scanned relative peak areas.
Results

Optimal pH for acidification
The optimal pH for acidifying the released membrane fragments was identified by measuring the protein in a pellet precipitated at the indicated pH and at 40,000xg for 30min
( Fig. 2) . The results show that most protein (97%) was precipitated between pH 4.75 and 4.85. For method 1, the released membrane fragments were recovered by acidifying to pH 4.80 and subsequent centrifugation.
Gross composition
The composition of the membranefragments released from the fat globules is shown in Table  I . From 10kg of milk, about 3.6g of membrane fragments was obtained. The composition of protein, lipid, and carbohydrate was 28.1, 64.6, and 3.3%, respectively, and they amounted to 96%of the total solids. The protein/lipid ratio The released membrane fragments (5 mg of protein/5 ml) were adjusted to the indicated pH with 0.1n HC1and centrifuged at 40,000 x g for 30min at 4°C. The pellet was dispersed in distilled water and the protein was determined. The composition of MFGM preparation recovered from the released membrane fragments by method 1 is also shown in Table I and AC-MFGM (0.52) was not as improved as the released membrane fragments (0.44). About 20%of the total protein was released from UC-MFGM to UC-SUP, while the protein released from SA-and AC-MFGM was less.
The carbohydrate recovered in MFGM was 50 to 60%. Between 30 and 34% of the total carbohydrate was released from UC-and AC-MFGMs to UC-and AC-SUP. The carbohydrate content in the preparation by method 3 was low (55%), 50% of which was in SA-MFGM and only 5% in SA-SUP.
Carbohydrate composition
The results of a further analysis of the carbohydrate are shown in Table II . The composition of the carbohydrate was also different among the three MFGM samples. Most of the carbohydrate in the released membrane fragments consisted of hexoses Table III with their recoveries. The specific activities of the enzymes in UC-MFGM and AC-MFGM were close to those in the total MFGM,except that alkaline phosphatase was low in AC-MFGM and high in UC-MFGM, and y-glutamyltranspeptidase was high in AC-MFGM and UC-MFGM. However, the specific activities of SA-MFGM,which were lower than the other MFGMs, show inactivation of the enzymes during the prolonged dialysis of MFGM concentrated by method 3. SA-MFGM is thus unsuitable for enzymatic study. The enzyme activities of the supernatants were less than those of the corresponding MFGM. The total activity shows that most enzymes were retained in MFGM and was less than 5% in the supernatants. However, the high total activity in UC-SUP (16%) indicates that enzymes were also released from UC-MFGM by ultracentrifugation at neutral pH. Figure 3 shows SDS-PAGE patterns of MFGM and its supernatant prepared by the Specific activity (A) is expressed as x 10~2 /miol/mg protein/min. * Total activity is expressed as /miol/total protein/min. Recovery (B) is calculated as % of the total activity for the released membranefragments (RMF).Data are the meansof triplicate assays. three methods. There were no qualitative differences between the PAGEprofiles of the polypeptides in the three MFGMs. However, the intensity of CB-7 and -8 (=PAS-6 and -7) in UC-MFGM was apparently weaker than those in the other MFGMs (Fig. 3, lane 3) . On the other hand, the major bands from all the supernatants were CB-1, -5 (=PAS-5), -7 and -8. In UC-SUP, the bands of CB-7+8 (=PAS-6+ 7) were stained most densely with both CB and PAS (Fig. 3, lanes 6 ). The relative abundance of polypeptides and glycoproteins stained with PAS or CBwas estimated by scanning (Table IV) . The ratio of PAS-6+7 to all the glycoproteins of UCMFGMwas about 13%, which was significantly lower than that (18 to 20%) of SA-and AC-MFGM. On the contrary, PAS-6+7 contained 43% of the glycoproteins of UC-SUP, and it was much higher than those of the other supernatants (16 to 21%). CB-7+ 8 (=PAS-6+7) in UC-SUP amounted to about 61% of all polypeptides stained by CB, while being 25 to 27% in the othe supernatant. These * Values are shownas a percentage of the sum of the respective peak areas from PAS-1to PAS-6+7for glycoproteins, and of the total peak area for all polypeptides («=3, mean+SD).
Electrophoretic properties
# Notice the high value of PAS-6+7 (=CB-7+8) in UC-SUP compared with SA-and AC-SUP. (Table I) .
Influence ofpH on the release of PA S-6 and -7 To examine the influence of pH on the release of PAS-6+ 7 during the collection of MFGM, the pHof the released membranefragments was adjusted to 4.0, 4.8, 6.0, 6.8, 8.0, 9.0, 10.0, and ll.0 before each MFGM sample was recovered by ultracentrifugation (100,000 x g, 30min). Figure 4 shows SDS-PAGEpatterns of the supernatant released from MFGM at pH 4.8, 6.8, and ll.0. The released proteins were predominantly PAS-6+7 (=CB-7+8) in the supernatant at each pH, the amount of PAS-6 + 7 released increasing with increasing pH. In addition, PAS-1 and -2 were released at neutral and alkaline pHs. The proportion of released protein to the total MFGM protein estimated by scanning was about 2%at pHs below4.8, 16% atpH 6.0-6.8, 22% atpH 8.0, 25% at pH 9.0-10.0, and 28% at pH ll.0. Acidification (method 1) effectively inhibited proteins from releasing.
Extraction of KCl-urea-soluble proteins Glycoproteins CB-7 and -8 can be extracted selectively from MFGM by KC1.3O) The proteins extracted from the apo-MFGMof three MFGMswith a mixture of 1 m KC1 and 8m urea were analyzed by SDS-PAGE (Fig.  5) . The major polypeptides in the KCl-ureasoluble fraction obtained from the membrane fragments and UC-MFGM were CB-7 and -8 (=PAS-6 and -7) with both protein and carbohydrate staining (Fig. 5, lanes 2 and 5) . Similar results were obtained from SA-MFGM and AC-MFGM(data not shown). The ratio of extracted protein to the total protein was about 21% for AC-MFGM and SA-MFGM, and 15% for UC-MFGM. This indicates that part of the proteins extractable with KC1and urea had already been released from UC-MFGM into the supernatant (Table I and Fig. 3, lanes 6).
Discussion
Factors affecting the composition and properties of MFGM are the washing process of the cream, destabilization of the fat globules, and concentration of the released membrane fragments. In this study, we paid particular attention to the method for recovering the released membrane fragments and to the properties of the resultant MFGM preparations. An acidification to pH 4.8 (method 1) was adapted for concentrating the released membranefragments, in addition to ultracentrifugation (method 2) and salting out (method 3). Three MFGM preparations were recovered from the same released membrane fragments by the three methods.
In the first, the total protein and lipid contents of the released membranefragments were within the values reviewed, 1 "^although The destabilized membranefragments have easily releasable CB-7 and -8 glycoproteins. By method 2, part of these glycoproteins was preferentially released from UC-MFGM (Fig.   3 ). The protein content was 10% less in AC-and SA-SUP, but 3 to 5 times more in UC-SUP (Table I ). The SDS-PAGE pattern of UC-MFGM is similar to that of MFGM in published papers.12' 13) Glycoproteins CB-7
and -8 are peripheral proteins and associated loosely with other constituent proteins of the membrane by a weak interaction.35) The pH value was also a factor affecting the release of CB-7 and -8 (Fig. 4 glycoproteins by partition. Biochem. J., 139, 653 (1974) .
